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SOIL SAMPLING STRATEGIES FOR VARIABLE RATE P AND K 
FERTILIZATION AND LIMING 
Antonio Mallarino, associate professor 
David Wittry, research associate 
Department of Agronomy, Iowa State University 
Introduction 
Soil fertility management can be greatly improved with the use of precision agriculture 
technologies. Differential global positioning systems (DGPS), yield monitors, aerial photographs, and 
variable rate technology can improve both soil fertility evaluation and fertilizer or lime application. Soil 
sampling in the field is the most important source of error in soil testing. A very small amount of soil 
needs to appropriately represent thousands of tons of soil and usually there is large spatial variability of 
nutrients. Intensive soil sampling and variable-rate fertilization can improve the efficacy of fertilization 
and liming compared with the conventional practice of collecting soil samples from large areas and using 
single-rate fertilizer applications. Although variable-rate fertilization can be used on the basis of the 
traditional sampling of areas identified on the basis of soil types, landscape, or previous management, 
many believe that it should be based on intensive grid sampling. Conventional soil sampling may not be 
appropriate for precision agriculture because one composite sample, even if it is collected from one soil 
mapping unit, may not adequately represent apparently uniform areas with long histories of cropping and 
fertilization. This presentation discusses the advantages and disadvantages of various soil sampling 
methods and summarizes ongoing research on the spatial variability of phosphorus (P) and potassium (K) 
and the cost-effectiveness of variable-rate fertilization or liming for corn and soybean crops. 
Soil Sampling Methods 
The most commonly used grid sampling methods are based on the subdivision of a field into a 
systematic arrangement of small areas or cells (usually two to 5 acres) by superimposing a set of grid 
lines onto the field. Composite samples (usually made up of four to 12 cores) are collected to represent 
either the entire area of each cell (cell sampling) or much smaller areas (point or node sampling). The 
point samples may be collected at the intersections of the grid lines, from the center of cells defined by 
the grid lines, or at random from some point within each cell. The importance of the numbers of cores 
collected for each composite sample and how they are collected is often overlooked. This is perhaps the 
most important aspect in soil sampling because if the sample does not represent an area appropriately it 
really does not matter much how many samples (or cells) there are. It is difficult to provide a general 
criterion valid for all situations. It is specially important for P and K because much of the variation of P 
and K in Iowa soils was created by fertilizer or manure applications, which create large variability over 
short distances. Aspects that increase the small-scale variability and that increase the number of cores 
that should be collected for each composite sample include high fertility levels, history of banded 
applications, careless (not uniform) fertilizer or manure applications, and the size of the area sampled 
(usually the larger the area the more cores are needed). A specific number of cores cannot be 
recommended but usually it must be higher than the four to six cores many collect. Most studies suggest 
that at least 10 to 12 cores should be collected in situations where high small-scale variability is expected 
(such as in those instances mentioned above). Soil-test values collected by grid sampling may be 
directly mapped or can be used for gridding (i. e., to create denser grids by interpolating values for 
nonmeasured locations between sampled points) using one of several interpolation methods. Most 
computer packages include several mapping options. Although choosing the best gridding and 
interpolation methods is important, many tend to overlook that no computer program can improve 
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unreliable data. Many statistical considerations could be considered. In practical terms, however, if each 
soil sample represents a small area appropriately (such as in node or point sampling) and there are 
enough points over a field the interpolation method used is not a major issue. 
The results of sampling numerous corn and soybean fields show that the spatial variability of P 
and K in soils is complex and that variability patterns are different depending on the size of the area 
sampled. Ongoing sampling studies compare three soil sampling strategies for P and K. In one 
procedure (small-cell strategy), fields are subdivided into 0.5-acre cells. Samples are obtained by 
collecting 20 to 24 soil cores (6-inch deep) from an area approximately 200 square-foot in size 
surrounding a randomly chosen point within each cell and combining these cores into one composite 
sample for each cell. In the second procedure (large-cell strategy), the fields are subdivided into 3.5 to 
4.5 acre cells depending on the field. Samples consist of 12 to 16 cores collected randomly from 
throughout the entire area of the cell and are combined into one composite sample for each cell. The 
third procedure is a simulated sampling by soil-type strategy based on the numerous point samples 
collected for the intensive (small-cell) procedure. In addition, samples are collected from some fields 
over transects with sampling points spaced 10 to 25 feet. Eight fields were studied over two years. 
The figure shown in this article is an example of the results observed. It shows results of soil 
sampling three fields for P by using three sampling methods. Values were assigned to cells and no 
interpolation was used. The Iowa State University soil-test P interpretation classes very low, low, 
optimum, high, and very high shown in the maps include values ofO to 8, 9 to 15, 16 to 20, 21 to 30, and 
above 30 ppm, respectively. The data show that no general rule applies. The results for those fields and 
nutrient and others not shown (especially data from intensively sampled transects) suggest that the 
causes for variability on a large scale are different from the causes of variability on a smaller scale. 
Factors such as soil types, landscape characteristics, previous crops, or proximity to feeding lots usually 
create variations in nutrient content over a scale of several acres. Other practices such as tillage, 
fertilization, and manure application also create large variability on a scale of a few feet or even inches. 
In some fields, the patterns of spatial variation tend to follow the distribution of soil types or other 
landscape characteristics. In most fields sampled, however, the variability ofP or K (and sometimes soil 
pH) often does not follow the distribution of soil types and the patterns differ among fields. This is 
especially the case in fields where optimum or higher soil tests predominate, which are the vast majority 
in Iowa. In many, the variability over many acres was similar to that of areas measuring a few feet. To 
complicate matters more, variability patterns for P and K and other nutrients often do not coincide. 
Periodic variation patterns observed in some fields and high small-scale variability in most fields further 
suggest that much of the variability is created with equipment used to apply fertilizers or manure. 
Attempts to find an optimum sampling scheme valid across fields (for example, distance 
between grid-points) have been largely unsuccessful. There is no single optimum sampling scheme, 
optimum number of points, or number of cores per sample across all fields. In many fields, commonly 
used grid sampling intensities and gridding techniques may still misrepresent the P and K availability of 
the fields. The use of grid-cell sampling with cells larger than about two acres usually does not represent 
P and K levels appropriately in many fields because the variation within those areas is as large as the 
variation over the entire field. Increasing the number of cores collected for each composite sample will 
not solve this problem. Moreover, the usefulness of these large grids is further compromised when they 
are laid out blindly over a field ignoring landscape characteristics. On the other hand, grid-point 
sampling represents better small areas when at least 10 to 12 cores are collected per composite sample 
and could also represent well a field (within acceptable margins of error) when many points are sampled. 
This method probably is more reliable than grid-cell sampling to follow soil test values over time for 
specific areas of the fields. If too few points are sampled (to reduce sampling costs) the usefulness of 
this method is compromised because interpolating and contouring will always create a nice map but 
could be unreliable. In some instances, intensive grid sampling results in a more useful description of 
nutrient supplies. In many instances, however, sampling by soil type was as useful and it should make 
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more sense for nutrients other than P or K because their variation would often follow landscape 
characteristics or soil mapping units. 
The problem is that attempts to accurately represent soil-test values may not result in economic 
benefits for producers in many fields. This observation is not news. There should be a compromise 
between accuracy and economic feasibility. In spite of notorious deficiencies, however, soil testing has 
proved successful as a method in which to base fertilizer recommendations for P and K. The impact of 
variation in soil tests and of differences between sampling methods on soil fertility management depends 
strongly on the nutrient levels in relation to crop needs and on the fertilizer recommendations used. 
Also, the potential economic benefit of grid sampling and of variable rate fertilization depend largely on 
the distribution of soil test values in a field, on expected responses to fertilization, and the additional 
costs. Surveys show that approximately 70% of Iowa corn and soybean fields test optimum or above in 
P and K, and that approximately 45% of the fields test high or above. Thus, optimum or high test values 
usually predominate in Iowa fields independently of the soil sampiing method used. To invest on 
expensive sampling schemes on fields with predominantly high or very high soil tests is not cost-
effective because of the very low probability of yield responses. It is possible, however, that fields 
testing optimum or higher on average have areas testing low and others testing very high. Samples 
collected from many fields showed that this was seldom the case on fields testing high or higher on 
average but occurred frequently on fields testing optimum. In many fields, however, the low and high 
areas were a small proportion of the field or corresponded to very small isolated areas difficult to manage 
separately. It is likely that a targeted (or directed) sampling scheme which considers landscape 
characteristics or other field information is the best alternative. This procedure is flexible enough to 
adapt to different field characteristics and different intensities of sampling. Digitized soil maps, previous 
soil test data, yield maps, and aerial photographs (of bare soil and/or crop canopy) can be used to plan 
such a sampling scheme. The task is not easy but by doing it the producer or consultant will learn more 
about the fields. Also, this should not be considered as a one step job. Information for different years 
should be considered so that more information is added to the knowledge of the field. 
Variable-Rate Fertilization or Liming 
Once the distribution of soil nutrients or lime needs over a field is estimated, the use of 
variable-rate technology allows for the application of fertilizers as needed. The most important factor in 
using variable-rate fertilization or liming is not the application itself or the technology but the soil-test 
map in which it is based. The impact of this practice on soil fertility management and farm profitability 
depends on several factors. Some important ones are the nutrient levels in relation to crop needs, 
nutrient variability, the fertilizer recommendations used, expected crop response, and additional costs. 
Even if economic benefits are not obtained in all situations, intensive soil sampling and variable-rate 
fertilization are likely to reduce the amount of nutrients applied, which could be beneficial to minimize 
nutrient contamination of water supplies. 
This part of the presentation shows preliminary results of ongoing work that compares fixed-rate 
versus variable-rate P fertilization using a commonly used grid sampling method in Iowa. Additional 
work began this year with P, K, and lime based on a much more intensive sampling but results are not 
available at this time. For the results presented here, four field strip-trials were established on four 
farmers' fields. Two trials were conducted in 1996 (Corn 1 and Soybean 1) and two in 1997 (Corn 2 and 
Soybean 2). All fields had uniform P fertilization in the past. The P treatments were a nonfertilized 
control, a fixed P rate, and a variable rate in which rates varied depending on soil-test P measurements 
made before planting. Soil samples were collected following a systematic grid-point sampling scheme in 
which the sampling area at each point was approximately 200 square-foot in size and was located at the 
center of 4.4-acre cells. Composite soil samples (6 to 10 cores from a 6-in. depth) were collected from 
each sampling area and the soil was analyzed for P and other nutrients. An area of approximately 50 
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acres of each field was selected for the experiments. The three treatments were applied to long strips 
measuring 60 feet in width and were replicated four to five times. Measurements were made with a 
measuring tape or wheel and georeferences were recorded with a hand-held DGPS unit. The P fertilizer 
was granulated diammonium phosphate (DAP) in the Corn 1 and Soybean 1 trials and monoammonium 
phosphate (MAP) in the others. It was applied after soil sampling and before planting using a bulk 
fertilizer spreader truck equipped with a DGPS receiver and a controller. The fixed Prate used was 
uniform within a field but varied between 92 and 104 lb P 20 ;1acre among fields, and was selected by the 
farmers based on expected two-year P removal in corn and soybean grain. The amount ofP applied and 
the number of rates of the variable-rate treatment varied among fields and replications and was 
determined by the soil-test P. No P was applied when soil-test P was very high and the rate varied from 
72 to 120 lb P20 5/acre for other soil-test classes. Grain yields were recorded using combines equipped 
with yield monitors and real-time DGPS receivers. The yield data were unaffected by field borders 
because the experimental areas were located at least 100 feet from any border. The raw yield data 
carefully analyzed for common errors when using yield monitors (wrongly georeferenced data because of 
loss of differential correction, effects of waterways or grass strips, and others) by using spreadsheets and 
Arc View. The few soybean combine trips that included a mixture of two treatments were not used in the 
analyses. The yield responses were analyzed by various statistical procedures that included conventional 
analysis of variance and geostatistical analysis that will not be detailed here. 
The complicated yield and soil test maps that resulted from this study cannot be practically 
shown in this publication (lack of space and of color) and will be shown during the workshop. There was 
large variability for P and other soil tests in all fields. No soil-test was very low in the Soybean 1 field 
and no soil-test was very high in the Soybean 2 field. The soil test classes varied from low to high in 
most strips. According to Iowa State University P fertilizer recommendations for corn and soybean, 
large to moderate yield responses to P should be expected in the very low and low classes, small or no 
responses should be expected in the optimum class, and no responses should be expected within the high 
or very high classes. Table 1 shows the observed mean yields for the treatments applied in the four trials 
and the corresponding statistics. In agronomic terms, there was a moderate response to P fertilization in 
the Corn 2 field and no major fertilization effects in other fields. The statistical analyses (which 
accounted for the spatial correlation of yields) showed significant responses toP at the Corn 2 and 
Soybean 2 fields. At the cornfield, the variable-rate treatment yielded more than the fixed-rate treatment. 
At the soybean field, there was a small advantage for the fixed-rate treatment. 
Table 1. Effect of fixed and variable rate P fertilization for four corn and soybean Iowa fields. 
Phosphorus treatment 
Field Check Fixed Variable Significance t 
------------- bu/acre ------------
Corn 1 179.2 177.1 178.7 none 
Corn2 144.1 146.4 148.6 V>F 
Soybean 1 59.8 61.3 60.7 none 
Soybean 2 40.8 41.7 41.0 F>V 
t Statistical significance: V = variable rate treatment and F = fixed-rate treatment. 
Yield data and analyses (not shown here) for treatment effects for areas of the fields with 
different soil-test P values showed that within-field variation in soil-test P influenced the effect ofP 
fertilization only in the Corn 2 field. At this field, the yield response was higher when soil-test P was 
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low or very low. At the other three trials, and in spite of some low P-testing cells, the yield data and 
statistical analyses did not show a relationship between yield response and grid-sampled soil-test P . This 
lack of significant crop response to P fertilization for areas with low soil-test P in some fields, although 
not expected, is not rare in field experimentation and could be explained by several reasons. One likely 
reason is that no soil sampling cell tested very low in the Soybean 1 field and only one cell tested very 
low and borderline with the low class (8 ppm) in the Corn 1 and Soybean 2 fields. Another likely reason 
is that crop yields are affected by soil-test P but also by other growth factors could have had greater 
influence in yields and may have masked any effect of P fertilization. Also, soil tests are not perfect 
estimates of nutrient availability and samples may not represent an area appropriately. The latter could 
have occurred in these studies because soil samples attempted to represent areas 4.4 acres in size and 
only 6 to 10 cores were collected from each sampling area. The results for this study and the previously 
discussed soil sampling studies clearly suggest that the cell size used in these experiments probably was 
too large for an effective variable-rate fertilization. 
An interesting aspect to consider, other than yields, when comparing fixed or variable 
fertilization rates is the total amount of fertilizer applied over a field by each method. In this study, the 
average amounts ofP fertilizer used (in lb P20 sfacre) with the variable-rate treatment compared with the 
fixed-rate treatment were 3 lb more at the Corn 1 field, 5 lb less at the Soybean 1 field, 6 lb less at the 
Corn 2 field, and 11 lb less at the Soybean 2 field. A complete economic analysis is beyond the scope of 
this article because of the variety of assumptions and scenarios that should be involved and because data 
were collected only from four fields. It is fairly obvious, however, that variable-rate P fertilization did 
not offset additional costs in two fields and increased the benefits from fertilization slightly in the other 
two fields. Of course, these differences cannot be extrapolated to other fields because differences 
depend on the rates used and on the level and distribution of soil test values within a field. Consideration 
of differences in the amount of fertilizer applied, crop yields, and costs (equipment, soil sampling, etc.) 
determine the economic benefit of variable-rate fertilization. 
Conclusions and General Recommendations 
Variability ofP and K is field-specific and, ideally, each field should be sampled and fertilized 
differently. Informed decisions on soil sampling and variable rate fertilization require knowledge of 
each field. The optimum scheme and the merits of variable rate fertilization can be reasonably estimated 
only after conducting an intensive and expensive sampling for the fields in question. On the other hand, 
producers could use several tools to improve traditional sampling by soil type methods and conduct a 
more intensive and still cost-effective sampling. Previous soil-test data, yield maps, aerial photographs, 
and field histories can be used to target specific areas for sampling. The targeted areas can be sampled 
over time to check the effects of cropping and fertilization on soil test values. This approach is also 
compatible with the fact that soils are sampled not only for P and K but also for other nutrients and for 
purposes other than fertilization (herbicide management, for example). A directed sampling procedure 
that takes into consideration landscape characteristics is likely to improve fertilizer management greatly . 
This approach is also more likely to increase economic benefits to producers. 
The results of the fertilization comparisons discussed showed that yield response to P 
fertilization and to the method of application varied among fields. Variable-rate P fertilization reduced 
considerably the total amount ofP fertilizer applied in two offour fields and increased yields in one 
field. The benefits of variable-rate fertilization will vary greatly among fields. It will likely result in 
more efficient and environmentally sound distribution of fertilizers when it is based on reliable estimates 
of nutrient availability. Important factors that will determine the cost-effectiveness of this practice for 
different producers and fields are the variation in nutrient levels in relation to amounts required by crops, 
the proportion of the field that needs fertilization, expected yield responses to fertilization, and the 
additional costs involved. 
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